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[CLAIM 1] 

A shape memory polymer foam which is a 
polyurethane foam produced by blending a 
difunctional diisocyanate and a difunctional 
polyol with a difunctional chain extender 
containing an active hydrogen group, whose 
molar ratio is 2.00-1.10:1.00:1.00-0.10, adding 
a foam agent thereto, and synthesizing the 
mixture by the prepolymer method, wherein the 
shape memory polyurethane foam containing 
approximately equal amounts of [NCO] and 
[OH] at the terminals of the polymer and having 
a glass transition point in the range of - 
50.degree. to 60.degree. C. and a crystaliinity of 
3-50 wt % can take on a deformed shape 
obtained by compressing and deforming at a 
temperature higher than the glass transition 
point of the polymer and fixing at a temperature 
lower than the glass transition point, and a 
molded shape obtained by heating again to a 
temperature higher than the glass transition 
point until its original shape is recovered. 



[%w<Dmm?mm] 



[DETAILED DESCRIPTION OF INVENTION] 

(INDUSTRIAL APPLICATION) 

This invention relates to the polymer foam 
which has shape memory property. 
(PRIOR ART) 

Conventionally, various products with which 
the polymer foam represented by the 
polyurethane foam which has a foam structure 
inside utilized springiness and the characteristic 
peculiar to the foam of insulating etc. are 
marketed. 

These foams exclude the case of on-site 
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construction. 

Use has used for the foam previously formed 
by fixed form by form as it is. 

On the one side, in the usual polymer 
molding, the shape memory polymer molding 
which uses a moulding shape and a 
deformation shape properly by temperature 
operation is proposed. 

As for the shape memory polymer molding, A 
deformation is added at the temperature of less 
than compaction temperature more than the 
glass transition point of a polymer. A 
deformation shape is fixed by cooling below to a 
glass transition point, where the shape is kept. 
Moreover, an original moulding shape is 
recovered by heating to the temperature of less 
than compaction temperature above a glass 
transition point. 

A deformation shape and a moulding shape 
can be properly used by temperature operation. 
(PROBLEM ADDRESSED) 

By the way, since a polymer foam has a lot of 
foam inside, its volume is very great with 
respect to a weight. For example, in producing a 
foam at a plant and conveying in the usage 
field, the big volume serves as the trouble of 
conveyance. 

In such a case, at the time of conveyance, it 
becomes a small volume. 

It is very valid if the inherent foam of a 
prescribed size can be obtained at the time of 
usage. 

However, the shape memory polymer foam 
which can use such a deformation shape and a 
moulding shape properly depending on the 
application is not yet proposed. 

This invention tends to propose the polymer 
foam equipped with such shape memory 
property. 

(SOLUTION OF THE INVENTION) 
This invention blends an Afunctional 
diisocyanate, an bifunctional polyol, and the 
bifunctional chain extender containing an active 
hydrogen group by diisocyanate:polyol:chain 
extender =2.00-1 .1 0:1 .00:1 .00-0.1 0 (being 
molar ratio). 
A foaming agent is added. It is the 
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polyurethane foam synthesized by the 
prepolymer method, comprised such that 
containing of [NCO] and the [OH] equivalence is 
carried out almost at the terminal of a polymer. 

After carrying out the compression set of the 
shape memory polyurethane foam which has 
the glass transition point of a -50-60 degrees- 
Celsius range, and the degrees of crystallinity of 
3-50 weight%, at the temperature which 
exceeds the glass transition point of a polymer, 
it fixes at the temperature below a glass 
transition point. The deformation shape thus 
obtained and the moulding shape which raises 
temperature to the temperature which exceeds 
a glass transition point again, and is returned to 
an original shape are taken. It is the shape 
memory polymer foam of the above. 
(Action) 

The form memory polymer foam of this 
invention can take the 2nd form which carried 
out compression-set fixation, besides the form 
of the conventional foaming molding. 

In the polymer foam which has the open cell 
structure particularly, the inside foam can be 
ejected and a big deformation can be brought 
by relatively small force. 

Moreover, in the polymer foam which has a 
closed-cell structure, if deformation fixation of 
the gas within the foam is compressed and 
carried out, in order that a gas may expand at 
the time of shape recovery, it can recovery 
speed up greatly. 

And, in this two shape, the various physical 
properties which make an elasticity the start can 
be selected. 

Thus, a shape memory polymer foam can be 
used for various applications by using properly 
a two shape and the physical property in the 
shape. 

Particularly about the foam which set up the 
glass transition point of a polymer near the 
room temperature, deformation fixation can be 
simply carried out at any time at the shape of a 
user's taste using familiar heating means, for 
example, dryer etc. 

Since this polymer does not contain surplus 
[NCO] substantially at the terminal, it can 
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restrain the allophanate coupling which forms a 
rigid cross-linking. The plastic linear polymer 
which has the freedom of processability can be 
obtained. 

Moreover, the elasticity made necessary with 
respect to this linear polymer can be provided 
by providing too much degrees of crystallinity. 

There is a degrees of crystallinity of the 
polymer of this invention in the range of 3-50 
weight%. 

If a degrees of crystallinity considers as 3 
weight% or less, rubber elasticity will become 
small at the temperature more than a glass 
transition point. 

If a degrees of crystallinity considers as 50 
weight % or more, rubber elasticity will become 
higher at the temperature more than a glass 
transition point. The ratio of the elasticity in 
glass-transition-poinf front-and-back +/-10 
degrees-Celsius temperature becomes small. 

Next, the raw material which can be used to 
this polymer is illustrated. 

However, it is not limited to this. 

First, as an example of an bifunctional 
isocyanate, it can declare as OCN-R-NCO by 
the general formula. There are that which has a 
1 or 2 benzene ring, and a thing which does not 
have one at all in R. 

However, all can be used. Specifically, 2.4- 
triene diisocyanate, a 4.4'-diphenylmethane 
diisocyanate, the 4.4'-diphenylmethane 
diisocyanate of carbodiimide modification, a 
hexamethylene diisocyanate, etc. can be 
mentioned. 

As an example of an bifunctional polyol, it can 
declare as HO-R'-OH by the general formula. 
As R\ that which has a 1 or 2 benzene ring, 
and the thing which does not have one, 
furthermore the product formed by reacting an 
bifunctional carboxylic acid or cyclic ether with 
respect to the bifunctional polyol above are 
mentioned. All can be used. 

Specifically, polypropylene glycol, 1.4 -butane 
glycol adipate, polttetra-methylene glycol, 
polyethyleneglycol, bis phenol- A+ propylene 
oxide, etc. can be mentioned. 

As an example of the bifunctional chain 
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extender containing an active hydrogen group, 
it can declare by HO-R"-OH by the general 
formula. All, such as 1 and the group which it 
has 2 piece, can use n sets and a benzene ring 
to R" (CH2). Specifically, an ethylene glycol, 1.4 
-butane glycol, a bis (2-hydroxy ethyl) 
hydroquinone, bis phenol- A+ ethylene oxide, 
bis phenol- A+ propylene oxide, etc. can be 
mentioned. 

The polyurethane elastomer synthesized 
from these raw materials can be declared as 
follows by the general formula. 
HOR"OCONH(RNHCOOR'OCONH) 
nRNHCOOR"OCONH- 

(RNHCOOROCONH) mRNHCOOR"OHm=1- 
16, n= 0-16. 

The manufacture example of these 
polyurethanes are shown below. 
An isocyanate component and a polyol 
component are blended with a Table 1 like 
description. It is reacted in the absence of 
catalyst, and a prepolymer is synthesized. 
A chain extender is added by blending of a 
Table 1. 

By heating for 10 hours by 120 degrees- 
Celsius, the curing was given and the elastic 
memory polyurethane was obtained. 

The fundamental physical property of this 
polyurethane is as a Table 1. 

Tg in a table is a glass transition point 
(degrees-Celsius). 

It was calculated with the differential scanning 
form calorimeter. 

E / E' shows (modulus of elongation at a 10 
degree Celsius lower temperature than glass 
transition point) / (modulus of elongation at a 10 
degrees-Celsius higher temperature than glass 
transition point). 

Moreover, the degrees of crystallinity 
(weight%) was measured with the X ray 
diffraction method. 

The conventional method made to foam 
through the conventional prepolymer, a froth 
method, etc. can be used for the foam method. 

As foaming agent, there are a resoluble-type 
foaming agent which generates gas by 
chemical decomposition, and an evaporated 
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HOR" OCONH (RNHCOOR' 
OCONH ) nRNHCOOR " 
OCONH - 

( RNHCOOROCONH ) 
mRNHCOOR" OH 
m = 1 — 16,n = 0 — 16 0 

xmm u i2o°c^ 10 mmum 

^^(^TgH^fy^»^ (°C) 
t9^&fc 0 E/E' « (^fy^fe 

loriswss^&w- 

!3 10rSbWSl£^:fetf 5 
ft^kfi (M%) tt, xH0#r 

x is 7s «ris£i- s ^wiaa 



type foaming agent which volatilizes to a 
chemical no change. 
All can be used. 

As a resoluble-type foaming agent, inorganic- 
type foaming agents, such as a sodium 
bicarbonate, an ammonium carbonate, an 
ammonium bicarbonate, an ammonium nitrite, 
an azide compound, way sodium hydride, and 
the light metal which reacts with water and 
generates hydrogen, and, organic-type 
foaming agents, such as trichloro mono fluoro 
methane, a trichloro tri fluoro ethane, a 
methylene chloride, an azodicarbonamide, 
azobis formamide, and an N.N- 
dinitrosopentamethylenetetramine, can be 
mentioned. 

Moreover, as an evaporated type foaming 
agent, compression nitrogen gas, trichloro 
mono fluoro methane, etc. can be mentioned. 
(Example) 

An isocyanate component and a polyol 
component are blended (following table like of 
description). It is made to react in the absence 
of catalyst and a prepolymer is synthesized. 
Subsequently, the following table is added a 
chain extender and a foaming agent by 
blending. 

A curing is given by heating. 

The form memory polyurethane foam was 
obtained. 

As the foaming agent, 20 parts (boiling-point 
23.8 degrees-Celsius) of trichloro mono fluoro 
methane were blended with respect to 100 
parts of polyurethanes. 

This polyurethane foam is expanding 20 times. 

A fundamental physical property is as follows. 

Tg in a table shows a glass transition point 
(degrees-Celsius). 

Moreover, the degrees of crystallinity 
(weight%) was measured with the X ray 
diffraction method. 

Next, experiment which constructs the heat 
insulating material of the polyurethane foam of 
Example 38 of the following table between 
piping with a narrow part of with an internal 
diameter of 15 cms and an outer diameter of 10 
cms was carried out. 
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With the internal diameter of 9.5 cms smaller a 
little than the outer diameter of piping, the 
polyurethane foam of a cylindrical shape with a 
thickness of 4 cms is prepared. 

After inserting piping into it, a polyurethane 
foam is heated to about 50 degrees-Celsius. A 
pressure is applied from the outside. It cooled 
until it was room temperature, keeping the 
diameter of a heat insulating material at 12 cms, 
and it fixed as it is. 

This piping is inserted in a narrow part. About 
50 degrees-Celsius heating gas was sent to the 
inner pipe, and the heat insulating material was 
returned to the original shape. 
Consequently, a heat insulating material is 
completely adhered with a narrow part with the 
springiness of a polyurethane foam. 

Piping was able to be kept within the narrow 
part. 



20 m^Bm *) s m^^i 

Tgfi, (°C) £^ 

IkK, 15cm 

10cm ©BBW^fSifcT^wM 38 

9.5cm J5£ 4cm (D^^<D 

*m?L, mmt<Dm&* 12cm 
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Table 1 

Row: Molecular weight 

Column: Row materials and molar ratio, Measured values of physical properties 
Row materials and molar ratio: Diisocyanate, Polyol, Chain extender 
Diisocyanate: 2,4-toluene diisocyanate, 4,4'-diphenylmethane diisocyanate, 
4,4'-diphenylmethan diisocyanate (carboimide-modified), same as above, 
hexamethylene diisocyanate 
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Polyol: polypropylene glycol, 1,4-butaneglycol adipate, polytetramethylene 

glycol, polyethylene glycol, bisphenol-A + propylene oxide 

Chain extender: ethylene glycol, 1,4-butaneglycol, bis(2- 

hydroxyethyl)hydroquinone, bisphenol-A + propylene oxide 

Measured values of physical properties: crystallinity 
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(Effect of the invention) 

This invention can take a prescribed 
deformation shape besides a moulding shape 
by adopting constitution of the above. It can be 
made to reset to a moulding shape by simple 
heating operation. 

When making the open cell of a shape 
memory polymer foam include particularly, a big 
deformation can be brought by the small 
pressure. 

Therefore a change of big deformation and a 
physical property in the meantime can be used, 
and it can utilize broadly. 

Moreover, the shape memory polymer foam 
in which made the closed cell include can 
enhance shape recovery speed by compressing 
gas within the foam and fixing at the time of a 
deformation. The excellent recovery movement 
property is also utilizable. 
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